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1
TASK ALLOCATION OPTIMIZATION
SYSTEM, TASK ALLOCATION
OPTIMIZATION METHOD, AND
NON-TRANSITORY COMPUTER READABLE
MEDIUM STORING TASK ALLOCATION
OPTIMIZATION PROGRAM

TECHNICAL FIELD

The present invention relates to a task allocation optimiza-
tion system, a task allocation optimization method, and a
non-transitory computer readable medium storing a task allo-
cation optimization program, intended for a multi-core sys-
tem in accordance with an AMP method.

BACKGROUND ART

In response to the increase in the demand for higher per-
formance and lower power consumption for digital equip-
ment in recent years, the multi-core configuration in which a
plurality of processor-cores (hereinafter also simply referred
to as “cores”) are mounted on a built-in LSI (Large Scale
Integration) has been attracting attention. This multi-core
configuration for an LS is also becoming an important tech-
nology in real-time systems for controlling systems and the
like.

Multi-core systems are generally divided into an SMP
(Symmetric Multi Processing) method and an AMP (Asym-
metric Multi Processing) method.

In the SMP method, tasks are switched according to the
available state of cores, the priority of the currently-executed
task, and the like. Further, each task is configured so that it can
be executed by any one of the cores. Therefore, it is possible
to automatically distribute loads, and thus improving the
overall performance of the system. However, since the auto-
matic load distribution makes the prediction of the real-time
performance very difficult, it is very difficultto adapt the SMP
method to real-time systems.

On the other hand, in the AMP method, the system has a
function-distribution-type configuration in which each task is
executed only by a specific core. Therefore, the AMP method
is suitable for real-time systems in which the ability to predict
the system behavior is important, systems in which the cores
to which specific hardware is connected are restricted, and the
like.

In such a multi-core system in accordance with the AMP
method, its performance changes depending on to which
cores tasks are allocated. Therefore, in the multi-core system
in accordance with the AMP method, it is necessary to search
various ways of task allocation so that the optimal execution
state is obtained and thereby to determine the optimal alloca-
tion.

Patent literature 1 discloses a technique relating to a tuning
support apparatus that efficiently performs software tuning
aimed at a multi-core processor equipped with a plurality of
cores. FIG. 14 shows the configuration of the tuning support
apparatus disclosed in Patent literature 1.

In this tuning support apparatus, firstly, a granularity infor-
mation acquisition unit 201 acquires information about
granularity (granularity information) assigned to each core.
Note that the granularity is a unit, for example, for a process
performed by a processor, and is a general term for tasks,
functions, and processes constituting functions.

A configuration information generation unit 204 calculates
the number of times of appearances for each task or each
function included in a task based on the acquired granularity
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information, and thereby generates information about the
calculated number of times of appearances (configuration
information).

A dependence information generation unit 206 generates
information about the dependence of each task or each func-
tion included in a task on other tasks or functions (dependence
information) based on the acquired granularity information.
An output unit 203 outputs each of these information items.

With this configuration, the tuning support apparatus can
efficiently analyze and manage the configuration information
for the load distribution. By using this analyzed information,
it is possible to allocate tasks to cores with excellent perfor-
mance in a multi-processor.

CITATION LIST
Patent Literature

Patent literature 1: Japanese Unexamined Patent Application
Publication No. 2007-264734

SUMMARY OF INVENTION
Technical Problem

However, a problem that the optimal task allocation is not
obtained in a certain operating state depending on the task
allocation performed by the tuning support apparatus dis-
closed in Patent literature 1 could occur. This problem is
described below.

On an ordinary system, all the tasks are not necessarily
operated at all times. That is, the combination of tasks to be
operated changes according to the operating state during the
operation. In the above-described tuning support apparatus, it
is assumed that the task allocation should be optimized by
using all the tasks and that the task allocation should be
optimized by using a set of tasks that are operated only in a
specific operating state. As a result, the task allocation for all
the tasks or a set of tasks that are operated in an operating state
to be considered is optimized, and thus making it possible to
make loads equally balanced. However, in an operating state
that is not taken into consideration in the tuning support
apparatus, there are possible cases in which the performance
significantly deteriorates, for example, in which loads
become unbalanced.

The present invention has been made mainly to solve the
above-described problems, and a main object thereof is to
provide a task allocation optimization system, a task alloca-
tion optimization method, and a non-transitory computer
readable medium storing a task allocation optimization pro-
gram, capable of implementing task allocation of a multi-
processor system without causing performance deterioration
in a specific operating state.

Solution to Problem

An aspect of a task allocation optimization system accord-
ing to the present invention includes:

state evaluation function value generation means of gener-
ating a state evaluation function value for each operating state
based on a state/task-set correspondence table indicating a list
of an operating state of a system including a plurality of
processor-cores and correspondence of a task set to be oper-
ated in each operating state, and a task set parameter indicat-
ing a characteristic of each task constituting the task set;
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integrated evaluation function value generation means of
generating an integrated evaluation function value in which
the state evaluation function value of each operating state is
integrated; and

optimal allocation search means of optimizing allocation
of a task to be allocated to each of the plurality of processor-
cores based on the integrated evaluation function value.

An aspect of a task allocation optimization method accord-
ing to the present invention includes:

generating a state evaluation function value for each oper-
ating state based on a state/task-set correspondence table
indicating a list of an operating state of a system including a
plurality of processor-cores and correspondence of a task set
to be operated in each operating state, and a task set parameter
indicating a characteristic of each task constituting the task
set;

generating an integrated evaluation function value in
which the state evaluation function value of each operating
state is integrated; and

optimizing allocation ofa task to be allocated to each of the
plurality of processor-cores based on the integrated evalua-
tion function value.

An aspect of a non-transitory computer readable medium
storing a task allocation optimization program according to
the present invention is a non-transitory computer readable
medium storing a program that causes a computer to execute
atask allocation optimization process in a system including a
plurality of processor-cores, in which the optimization pro-
cess includes:

generating a state evaluation function value for each oper-
ating state based on a state/task-set correspondence table
indicating a list of an operating state of the system including
the plurality of processor-cores and correspondence of a task
set to be operated in each operating state, and a task set
parameter indicating a characteristic of each task constituting
the task set;

generating an integrated evaluation function value in
which the state evaluation function value of each operating
state is integrated; and

optimizing allocation ofa task to be allocated to each of the
plurality of processor-cores based on the integrated evalua-
tion function value.

Advantageous Effects of Invention

According to the present invention, it is possible to provide
a task allocation optimization system, a task allocation opti-
mization method, and a non-transitory computer readable
medium storing a task allocation optimization program,
capable of implementing task allocation of a multi-processor
system without causing performance deterioration in a spe-
cific operating state.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 11is a block diagram showing a configuration of a task
allocation optimization system according to a first exemplary
embodiment;

FIG. 2 is a flowchart showing a process flow of a task
allocation optimization system according to a first exemplary
embodiment;

FIG. 3 is a block diagram showing a configuration of a task
allocation optimization system according to a second exem-
plary embodiment;

FIG. 4 shows a specific example of a state/task-set corre-
spondence table according to Example 1;

10

15

20

25

30

35

40

45

50

55

60

65

4

FIG. 5 shows a specific example of task set parameters
according to Example 1;

FIG. 6 is an integrated table of a state/task-set correspon-
dence table and task set parameters according to Example 1;

FIG. 7 shows an optimization operation of a tuning support
apparatus according to Patent literature 1;

FIG. 8 shows an optimization operation of a task allocation
optimization system according to Example 1;

FIG. 9 shows task set parameters according to Example 4;

FIG. 10 shows dependence relations described in task set
parameters shown in FIG. 9;

FIG. 11 shows a state/task-set correspondence table
according to Example 4;

FIG. 12 shows diagrams according to Example 4 in which
only a task(s) to be operated in each operating state and
effective inter-core dependence are indicated by thick lines;

FIG. 13 is a block diagram showing a configuration of a
task allocation optimization system according to a first exem-
plary embodiment; and

FIG. 14 is a block diagram showing a configuration of a
tuning support apparatus according to Patent literature 1.

DESCRIPTION OF EMBODIMENTS
First Exemplary Embodiment

Exemplary embodiments according to the present inven-
tion are explained hereinafter with reference to the drawings.
In a multi-core system in accordance with the AMP method,
its performance changes depending on to which cores tasks
are allocated. An object of a task allocation optimization
system according to this exemplary embodiment is to perform
optimization so that high performance task allocation is
achieved when a multi-core system in accordance with the
AMP method adopting a function-distribution-type configu-
ration in which each task is executed in a specific core is
designed/implemented. In the following explanation, a multi-
core system in accordance with the AMP method for which
optimization is performed by a task allocation optimization
system according to this exemplary embodiment is simply
referred to as “multi-core system”.

FIG. 11s ablock diagram showing the overall configuration
of a task allocation optimization system according to this
exemplary embodiment. The task allocation optimization
system 1 includes, as a configuration, a task set parameter
hold unit 11, a state/task-set correspondence table hold unit
12, and an optimization unit 13.

The task set parameter hold unit 11 holds an externally-
input task set parameter(s). The task set parameter is infor-
mation indicating a characteristic(s) of each of the tasks con-
stituting a task set (a set of a plurality of tasks to be allocated
in a multi-core system). In the task set parameter, a starting
cycle, a dependence relation with other tasks, an execution
time, a necessary memory size, and the like are written for
each task.

The state/task-set correspondence table hold unit 12 holds
a state/task-set correspondence table indicating a list of oper-
ating states of the multi-core system and correspondence of a
task set to be operated in each operating state.

An ordinary system including a multi-core system operates
while changing its operating state according to the operating
conditions. As the operating state of the system changes, the
operation of that system changes in various ways. Therefore,
in general, the tasks that are operated in a specific operating
state(s) are a part of all the tasks. The state/task-set correspon-
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dence table indicates a list of operating states of the system
and correspondence of a task set to be operated in each oper-
ating state.

The optimization unit 13 includes a state evaluation func-
tion value generation unit 131, an integrated evaluation func-
tion value generation unit 132, and an optimal allocation
search unit 133.

The state evaluation function value generation unit 131
generates a state evaluation function value for a task set
corresponding to a specific operating state. In particular, the
state evaluation function value generation unit 131 reads out
a task set parameter(s) from the task set parameter hold unit
11 and reads out a state/task-set correspondence table from
the state/task-set correspondence table hold unit 12. Then, the
state evaluation function value generation unit 131 generates
a state evaluation function value for a task set corresponding
to a specific operating state based on these information items.
In general, a state evaluation function value is generated for
each of all the operating states to be tested. The state evalua-
tion function value is an evaluation value indicating the qual-
ity of task allocation in each operating state.

The integrated evaluation function value generation unit
132 integrates the state evaluation function values for all the
operating states to be tested and thereby generates an inte-
grated evaluation function value.

The optimal allocation search unit 133 searches for task
allocation for which the integrated evaluation function value
output by the integrated evaluation function value generation
unit 132 is better. An example of the simplest search method
is a full search. In the full search, all the allocation candidates
are generated one by one. Then, an allocation candidate hav-
ing the best integrated evaluation function value among all the
allocation candidates is output as a search result to a display
screen or the like. However, it is desirable to use a publicly-
known speed-up technique such as a branch and bound
method, a greedy method, and a genetic algorithm in order to
realize an efficient search.

Note that specific examples of the task set parameter, the
state/task-set correspondence table, the state evaluation func-
tion value, and the integrated evaluation function value are
explained later with Example 1 and the like described below.

Next, an operation of the task allocation optimization sys-
tem 1 according to this exemplary embodiment is explained
with reference to a flowchart shown in FIG. 2.

Firstly, the task set parameter hold unit 11 holds an exter-
nally-input task set parameter(s) (step S101). Next, the state/
task-set correspondence table hold unit 12 holds an exter-
nally-input state/task-set correspondence table (step S102).

Note that the above-described steps S101 and S102 are
processes that can be performed in an arbitrary order. That is,
itis possible to perform the step S102 before the step S101, or
perform the steps S101 and S102 in parallel.

The optimal allocation search unit 133 generates a task
allocation candidate (candidate data indicating which tasks
should be allocated to which cores) (S103). Then, the state
evaluation function value generation unit 131 generates a
state evaluation function value of each operating state for the
generated task allocation candidate (S104).

The integrated evaluation function value generation unit
132 generates an integrated evaluation function value in
which the state evaluation function values generated by the
state evaluation function value generation unit 131 are inte-
grated (S105).

The optimal allocation search unit 133 determines whether
a task allocation search finish condition is satisfied or not by
taking the integrated evaluation function value into consider-
ation (S106). When the task allocation search finish condition
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is not satisfied (S106: No), the process is repeated again from
the step S103. On the other hand, when the task allocation
search finish condition is satisfied (S106: Yes), the optimal
allocation search unit 133 outputs a task allocation optimiza-
tion result and finishes the process.

Note that the task allocation search finish condition
changes depending on what kind of optimization algorithm
the optimal allocation search unit 133 adopts. When the
simple full search is used as the optimization algorithm, the
search finish condition is the completion of the generation of
all the task allocation candidates. In this case, the optimal
allocation search unit 133 outputs a task allocation candidate
having the optimal integrated evaluation function value as the
optimization result. In contrast to this, when other ordinary
optimization algorithms are adopted, the search finish condi-
tion is determined by taking account of a case where it is
determined that the integrated evaluation function value will
not improve any more, a case where the integrated evaluation
function value does not improve even when the generation of
a task allocation candidate has been repeated a certain num-
ber of times, and the like.

Next, advantageous effects of the task allocation optimiza-
tion system according to this exemplary embodiment are
explained. As described above, the state evaluation function
value generation unit 131 calculates a state evaluation func-
tion value indicating the quality of task allocation for each
operating state based on the state/task-set correspondence
table and the task set parameter(s). The integrated evaluation
function value generation unit 132 integrates the state evalu-
ation function values of all the operating states and thereby
calculates an integrated evaluation function value, which is
the overall evaluation value of the multi-core system. By
optimizing the task allocation by using this integrated evalu-
ation function value, it is possible to take processing perfor-
mances in respective operating states into consideration. As a
result, it is possible to avoid the problem that performance
significantly deteriorates in a specific operating state(s).

When task allocation is optimized by using all the tasks as
in the case of the tuning apparatus disclosed in Patent litera-
ture 1, there are cases where it is incorrectly determined that
the performance is insufficient (for example, in the case of a
real-time system, the deadline is not met) even in a multi-core
system in which the performance is sufficient in reality. This
is because, as described previously, all the tasks are not nec-
essarily operated at all times in ordinary systems. For
example, there are cases where, for given two tasks, only one
of them is operated according to the operating state in a
multi-core system. That is, there are cases where handling all
the tasks in a collective manner is inappropriate.

Inthe task allocation optimization system according to this
exemplary embodiment, it is possible to perform optimiza-
tion while taking account of tasks that are not simultaneously
operated in reality by performing the optimization by calcu-
lating a state evaluation function value of each operating state
and integrating them. As a result, the task allocation optimi-
zation system according to this exemplary embodiment can
output the optimal task allocation with which the perfor-
mance is appropriately sufficient even when the task alloca-
tion optimization system is applied to a multi-core system in
which the performance is determined to be insufficient when
the task allocation is optimized by using all the tasks.

Second Exemplary Embodiment
Next, a task allocation optimization system according to a

second exemplary embodiment of the present invention is
explained in detail with reference to the drawings. FIG. 3 is a
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block diagram showing the overall configuration of a task
allocation optimization system according to this exemplary
embodiment. The task allocation optimization system
according to this exemplary embodiment is characterized in
that the processes explained above in the first exemplary
embodiment are executed as a program by a computer 5. Each
process, which is executed as a program, is roughly the same
as that in the first exemplary embodiment.

The computer 5 includes a processor 51 and a storage
device 52. The storage device 52 may be, for example, a hard
disk drive. The processor 51 executes a program, so that it
operates as a task allocation optimization system.

The task set is expressed in a task set definition file 62. The
state/task-set correspondence table is expressed in a state/
task-set correspondence table definition file 63. The task set
definition file 62 and the state/task-set correspondence table
definition file 63 are read by the processor 51 when a task
allocation optimization program 61 is executed. The proces-
sor 51 executes the task allocation optimization program 61
and thereby optimizes the task allocation. The processor 51
outputs a task allocation optimization result as a task optimal
allocation definition file 64 to the storage device 52.

The program can be stored in various types of non-transi-
tory computer readable media and thereby supplied to com-
puters. The non-transitory computer readable media includes
various types of tangible storage media. Examples of the
non-transitory computer readable media include a magnetic
recording medium (such as a flexible disk, a magnetic tape,
and a hard disk drive), a magneto-optic recording medium
(such as a magneto-optic disk), a CD-ROM (Read Only
Memory), a CD-R, and a CD-R/W, and a semiconductor
memory (such as a mask ROM, a PROM (Programmable
ROM), an EPROM (Erasable PROM), a flash ROM, and a
RAM (Random Access Memory)). Further, the program can
be supplied to computers by using various types of transitory
computer readable media. Examples of the transitory com-
puter readable media include an electrical signal, an optical
signal, and an electromagnetic wave. The transitory computer
readable media can be used to supply programs to computer
through a wire communication path such as an electrical wire
and an optical fiber, or wireless communication path.

As described above, it is possible to implement the optimi-
zation of task allocation of a multi-processor system accord-
ing to the ATM method even when it is implemented in the
form of a program.

Example 1

Next, an operation of a task allocation optimization system
according to the first exemplary embodiment is explained by
using specific examples. In Examples 1 to 4 shown below, a
multi-core system to which the task allocation optimization
system 1 is applied includes a core 0 and a core 1.

In this example, the state evaluation function value genera-
tion unit 131 generates the absolute value of a difference
between the execution time of the core 0 and the execution
time of the core 1 as the state evaluation function value. The
integrated evaluation function value generation unit 132 gen-
erates the sum of state evaluation function values in each
operating state as the integrated evaluation function value.
The optimal allocation search unit 133 performs optimization
in which allocation for which the integrated evaluation func-
tion value is the smallest is searched for.

FIG. 4 shows a specific example of a state/task-set corre-
spondence table. As shown in the figure, relations between all
the possible operating states the multi-core system can take
and tasks that are executed in those operating states are
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shown. In the example shown in FIG. 4, the multi-core system
can take four states, i.e., S1, S2, S3 and S4 as an operating
state. Further, it is shown that tasks A and B are executed in
the state S1 and that tasks C, E and F are executed in the state
S2. Similarly, it is shown that tasks C to G are executed in the
state S3 and that tasks E, F and G are executed in the state S2.

FIG. 5 shows an example of task set parameters. In this
example, an execution time required to perform each task is
written as a parameter. FI1G. 6 is a table in which the specific
example of a state/task-set correspondence table shown in
FIG. 4 and the specific example of task set parameters shown
in FIG. 5 are integrated.

Optimization of task allocation performed by a task allo-
cation optimization system when the state/task-set correspon-
dence table shown in FIG. 4 and the task set parameters
shown in FIG. 5 are input is explained hereinafter. The opti-
mization is performed in terms of that the execution time of a
task allocated to each core is to be averaged.

Note that the optimization with attention being paid to the
state S1 is performed independently. Then, in the optimiza-
tion of the states S2 to S4, a comparison between optimization
performed by using the optimization technique disclosed in
Patent literature 1 and optimization performed by using the
optimization technique described in the first exemplary
embodiment is examined.

In the optimization technique disclosed in Patent literature
1, a case where optimization is performed with attention
being paid to the state S3 in which a larger number of tasks are
operated than that in any other state is examined. FIG. 7
shows an aspect of this optimization.

InFIG. 7, in each task row, when that task is executed in the
operating state concerned, the execution time shown in FIG.
5 is written. Among them, the tasks surrounded by broken
lines (tasks A, C and D) are allocated to the core 0 and the
other tasks are allocated to the core 1. In FIG. 7, in the rows of
the cores 0 and 1, the total execution times of the tasks
allocated to the respective cores in each of the states (S1to S4)
are shown.

Note that in the example shown in FIG. 7, optimization is
performed with attention being paid to the state S3. That is, in
the state S3, the execution time in the core 0 is perfectly
balanced with the execution time in the core 1 (that is, their
execution times are both 32). However, in this task allocation,
in the state S4, tasks are executed only in the core 1 and no
tasks are executed in the core 0. That is, in the state S4, the
task allocation is unbalanced.

Next, an example of an optimization result obtained by a
task allocation optimization system according to the first
exemplary embodiment is shown. The integrated evaluation
function value in the above-described task allocation shown
in FIG. 7 is expressed as “2+5+0+32=39". However, in real-
ity, there is task allocation for which the integrated evaluation
function value is smaller. The task allocation optimization
system 1 in this example determines allocation for which the
integrated evaluation function value is the smallest as the
optimal allocation. Various optimization algorithms using
existing techniques can be applied to the optimal allocation
search unit 133. FIG. 8 shows an example of optimal alloca-
tion calculated by the optimal allocation search unit 133.

The integrated evaluation function value in the allocation
shown in FIG. 8 is expressed as “2+9+4+0=15", and is
smaller than the integrated evaluation function value shown
in FIG. 7. In comparison to FIG. 7, the allocation shown in
FIG. 8 is allocation in which the execution times in each state
are well balanced.

Example 2

Example 2 is an application example of the task allocation
optimization system 1 of Example 1, in which the state evalu-



US 9,384,053 B2

9

ation function value generation unit 131 uses the square of a
difference between execution times as the state evaluation
function value. That is, the state evaluation function value
generation unit 131 generates the square of the difference
between the execution time of the core 0 and the execution
time of the core 1 as the state evaluation function value. The
integrated evaluation function value generation unit 132 gen-
erates the sum of state evaluation function values in each
operating state as the integrated evaluation function value.

In the following explanation, two allocation examples in
which their integrated evaluation function values become
equal to each other depending on the task allocation optimi-
zation system 1 of Example 1 are examined. In the first
allocation A, the state evaluation function values in the states
S1,S2,S3 and S4 are 1, 1, 1 and 5 respectively. In the second
allocation B, the state evaluation function values in the states
S1, S2, S3 and S4 are 2, 2, 2 and 2 respectively. When the
integrated evaluation function values of these allocations are
generated by the task allocation optimization system 1 of
Example 1, the integrated evaluation function value of the
allocation A is expressed as “1+1+1+5=8" and the integrated
evaluation function value of the allocation B is expressed as
“2+2+2+42=8”. Therefore, they have the same value.

In the task allocation optimization system 1 of Example 2,
the state evaluation function value is the square of'a difference
between execution times. Therefore, the integrated evaluation
function value of the allocation A is expressed as “1+1+1+
25=28" and the integrated evaluation function value of the
allocation B is expressed as “4+4+4+4=16". Note that since
the optimal allocation search unit 133 selects allocation
whose integrated evaluation function value is small as the
optimal allocation, it determines that the allocation B is the
appropriate allocation.

As shown above, an operating state in which the degree of
imbalance (difference between state evaluation function val-
ues) is large has a large influence on the integrated evaluation
function value. Therefore, when it is desired to avoid the
occurrence of an operating state in which the balance is
extremely poor as much as possible, it is effective to use the
square of a difference between execution times as the state
evaluation function value as in the case of this example.

Example 3

Example 3 is a modified example of the task allocation
optimization system 1 of Example 1, in which the product of
state evaluation function values is used as the integrated
evaluation function value. That is, the state evaluation func-
tion value generation unit 131 generates the absolute value of
the difference between the execution time of the core 0 and
the execution time of the core 1 as the state evaluation func-
tion value. The integrated evaluation function value genera-
tion unit 132 generates the product of state evaluation func-
tion values in each operating state as the integrated evaluation
function value.

Allocation A and allocation B similar to those in Example
2 are examined hereinafter. In this case, the integrated evalu-
ation function value of the allocation A is expressed as “1x1x
1x5=5" and the integrated evaluation function value of the
allocation B is expressed as “2x2x2x2=16". Note that since
the optimal allocation search unit 133 selects allocation
whose integrated evaluation function value is small as the
optimal allocation, it determines that the allocation A is the
appropriate allocation.

As shown above, when the number of operating states in
each of which the degree of imbalance is small (operating
states in which the difference between state evaluation func-
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tion values is small) is large, the integrated evaluation func-
tion value becomes smaller. This example has the above-
described property. Therefore, when it is desired to reduce the
load balance in as large number of operating states as possible
even if there are operating states in which the load balance is
somewhat poor (operating states in which the difference
between state evaluation function values is large), it is effec-
tive to use the method of Example 3 (method in which the
product of state evaluation function values is used as the
integrated evaluation function value).

However, when the product of state evaluation function
values is used as the integrated evaluation function value, if at
least one of the state evaluation function values is zero, the
integrated evaluation function value becomes zero regardless
of the state evaluation function values in the other operating
states. Therefore, it is necessary to be careful so that the value
does not become zero when the calculation method for the
state evaluation function values is determined.

Example 4

An example in which a task parameter set describing
dependence between tasks is input is shown as a task alloca-
tion optimization system 1 of Example 4. The state evaluation
function value generation unit 131 outputs the number of
inter-core dependences as the state evaluation function value
for each operating state.

The inter-core dependence means a state in which there are
tasks having a dependence relation and these tasks are allo-
cated in different cores. As an example, only two tasks con-
sisting of a task A and a task B that is dependent on the task A
are examined. When the tasks A and B are allocated to dif-
ferent cores, the number of inter-core dependences becomes
one. In contrast to this, when the tasks A and B are allocated
to the same core, the number of inter-core dependences
becomes zero. In general, when data is transmitted between
cores, a certain time is required. Therefore, it is desirable that
the number of inter-core dependences is as small as possible.

An example of optimization in which the number of inter-
core dependences is minimized under the condition that the
number of tasks allocated to each core is the same or is
different only by one in all the operating states is shown
below.

Firstly, FIG. 9 shows an example of task set parameters. In
FIG. 9, in the dependence relation column, information about
tasks that are dependent on that task is described. For
example, in the row of a task A, tasks B, C and G are written.
Based on this information, it is indicated that the tasks B, C
and G are dependent on the task A. That is, the process of each
of'the tasks B, C and G is carried out by using the processing
result of the task A.

FIG. 10 shows dependence relations described in the task
set parameters shown in FIG. 9.

FIG. 11 shows a state/task-set correspondence table show-
ing a list of operating states of a system and correspondence
of a task set to be operated in each operating state. In the
example shown in FI1G. 11, there are three states S5, S6 and S7
as operating states of the system. In the state S5, tasks A, B, C,
D and F are operated. Inthe state S6, tasks A, C, E, F and G are
operated. Similarly, in the state S7, tasks A, C and F are
operated.

Firstly, a decision about the optimal allocation by the opti-
mization technique disclosed in Patent literature 1 is
explained. In this technique, information about which tasks
are operated in each operating state is not taken into consid-
eration. Therefore, an allocation candidate in which the task
allocation is divided at a place where the dependence is the
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smallest when the dependence of all the task sets are taken
into consideration is output. In the example shown in FIG. 10,
the task allocation is divided at a division place 21. That is, an
allocation candidate in which the tasks A, B and G are allo-
cated to the core 0 and the tasks C, D, E and F are allocated to
the core 1 (or vice versa) is output.

The number of inter-core dependences in a task allocation
candidate according to this technique (task allocation divided
atthe division position 21 in FIG. 10) is shown below. FIG. 12
shows dependence relations in which only tasks to be oper-
ated and effective inter-core dependence in each operating
state are indicated by thick lines. As obvious from FIG. 12,
there is one inter-core dependence in every operating state in
the optimization technique disclosed in Patent literature 1.

Next, optimization performed by the task allocation opti-
mization system 1 according to this exemplary embodiment is
explained. As described above, the state evaluation function
value generation unit 131 outputs the number of inter-core
dependences for each operating state as the state evaluation
function value. The integrated evaluation function value gen-
eration unit 132 calculates an integrated evaluation function
value in which these state evaluation function values are
integrated. The optimal allocation search unit 133 performs
optimization by using this integrated evaluation function
value. As a result, a division position other than the division
position 21 in FIGS. 10 and 12 could become a candidate.

Note that when a division position 22 in FIGS. 10 and 12 is
used as a task allocation candidate, the state evaluation func-
tion value becomes 1, 1 and O in the states S5, S6 and S7
respectively and the integrated evaluation function value is
expressed as “1+1+0=2" (FIG. 11, state evaluation function
value (Example 4) row). Since the integrated evaluation func-
tion value in the allocation example in the technique disclosed
in Patent literature 1 is expressed “1+1+1=3" (FIG. 11, state
evaluation function value (related technique) row), this
enables the task allocation optimization system 1 in this
example to output allocation having a better evaluation value,
i.e., an optimization result in which the tasks A, B, C and G are
allocated to the core 0 and the tasks D, E and F are allocated
to the core 1 (or vice versa).

As described above, in this example, it is possible to output
allocation in which the number of inter-core dependences is
zero in the state S7 and thereby to calculate task allocation
having better performance.

Note that the present invention is not limited to the above-
described exemplary embodiments and various modifications
can be made without departing from the spirit and scope of the
present invention. For example, the above-described process-
ing performed by each processing unit of the optimization
unit 13 may be distributed over different hardware elements
and performed by those hardware elements.

Note that FIG. 13 shows the minimum configuration of a
task allocation optimization system 1 according to the first
exemplary embodiment. This configuration is similar to that
shown in FIG. 1 except that the task set parameters and the
state/task-set correspondence table are directly supplied to
the state evaluation function value generation unit 131.

The whole or part of the exemplary embodiments disclosed
above can be described as, but not limited to, the following
supplementary notes.

(Supplementary Note 1)

A task allocation optimization system including:

state evaluation function value generation means of gener-
ating a state evaluation function value for each operating state
based on a state/task-set correspondence table indicating a list
of an operating state of a system including a plurality of
processor-cores and correspondence of a task set to be oper-
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ated in each operating state, and a task set parameter indicat-
ing a characteristic of each task constituting the task set;

integrated evaluation function value generation means of
generating an integrated evaluation function value in which
the state evaluation function value of each operating state is
integrated; and

optimal allocation search means of optimizing allocation
of a task to be allocated to each of the plurality of processor-
cores based on the integrated evaluation function value.
(Supplementary Note 2)

The task allocation optimization system described in
Supplementary note 1, in which the state evaluation function
value generation means uses an absolute value of a difference
between total execution times of tasks allocated to each pro-
cessor-core as the state evaluation function value.
(Supplementary Note 3)

The task allocation optimization system described in
Supplementary note 1, in which the state evaluation function
value generation means uses a square of a difference between
total execution times of tasks allocated to respective proces-
sor-cores as the state evaluation function value.
(Supplementary Note 4)

The task allocation optimization system described in
Supplementary note 1, in which the state evaluation function
value generation means uses a number of dependences
between processor-cores as the state evaluation function
value.

(Supplementary Note 5)

The task allocation optimization system described in any
one of Supplementary notes 1 to 4, in which the integrated
evaluation function value generation means uses a sum total
of the state evaluation function value in each operating state
as the integrated evaluation function value.

(Supplementary Note 6)

The task allocation optimization system described in any
one of Supplementary notes 1 to 4, in which the integrated
evaluation function value generation means uses a product of
all state evaluation function value in each operating state as
the integrated evaluation function value.

(Supplementary Note 7)

The task allocation optimization system described in any
one of Supplementary notes 1 to 6, further including:

state/task-set correspondence table hold means of holding
an externally-input state/task-set correspondence table; and

task set parameter hold means of holding an externally-
input task set parameter.
(Supplementary Note 8)

The task allocation optimization system described in any
one of Supplementary notes 1 to 7, in which the optimal
allocation search means selects an allocation candidate hav-
ing a small integrated evaluation function value preferentially
as optimal allocation.

(Supplementary Note 9)

A task allocation optimization method including:

generating a state evaluation function value for each oper-
ating state based on a state/task-set correspondence table
indicating a list of an operating state of a system including a
plurality of processor-cores and correspondence of a task set
to be operated in each operating state, and a task set parameter
indicating a characteristic of each task constituting the task
set;

generating an integrated evaluation function value in
which the state evaluation function value of each operating
state is integrated; and

optimizing allocation of a task to be allocated to each of the
plurality of processor-cores based on the integrated evalua-
tion function value.
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(Supplementary Note 10)

The task allocation optimization method described in
Supplementary note 9, in which in the process for generating
the state evaluation function value, an absolute value of a
difference between total execution times of tasks allocated to
each processor-core is used as the state evaluation function
value.

(Supplementary Note 11)

The task allocation optimization method described in
Supplementary note 9, in which in the process for generating
the state evaluation function value, a square of a difference
between total execution times of tasks allocated to respective
processor-cores is used as the state evaluation function value.
(Supplementary Note 12)

The task allocation optimization method described in
Supplementary note 9, in which in the process for generating
the state evaluation function value, a number of dependences
between processor-cores is used as the state evaluation func-
tion value.

(Supplementary Note 13)

The task allocation optimization method described in any
one of Supplementary notes 9 to 12, in which in the process
for generating the integrated evaluation function value, a sum
total of the state evaluation function value in each operating
state is used as the integrated evaluation function value.
(Supplementary Note 14)

The task allocation optimization method described in any
one of Supplementary notes 9 to 12, in which in the process
for generating the integrated evaluation function value, a
product of all state evaluation function value in each operat-
ing state is used as the integrated evaluation function value.
(Supplementary Note 15)

The task allocation optimization method described in any
one of Supplementary notes 9 to 14, in which in the process
for optimizing the task allocation, an allocation candidate
having a small integrated evaluation function value is prefer-
entially selected as optimal allocation.

(Supplementary Note 16)

A non-transitory computer readable medium storing a task
allocation optimization program that causes a computer to
execute a task allocation optimization process in a system
including a plurality of processor-cores, in which the optimi-
zation process includes:

generating a state evaluation function value for each oper-
ating state based on a state/task-set correspondence table
indicating a list of an operating state of the system including
the plurality of processor-cores and correspondence of a task
set to be operated in each operating state, and a task set
parameter indicating a characteristic of each task constituting
the task set;

generating an integrated evaluation function value in
which the state evaluation function value of each operating
state is integrated; and

optimizing allocation ofa task to be allocated to each of the
plurality of processor-cores based on the integrated evalua-
tion function value.

(Supplementary Note 17)

The non-transitory computer readable medium storing a
task allocation optimization program described in Supple-
mentary note 16, in which in the process for generating the
state evaluation function value, an absolute value of a differ-
ence between total execution times of tasks allocated to each
processor-core is used as the state evaluation function value.
(Supplementary Note 18)

The non-transitory computer readable medium storing a
task allocation optimization program described in Supple-
mentary note 16, in which in the process for generating the

5

10

20

25

30

35

40

45

50

55

60

65

14

state evaluation function value, a square of a difference
between total execution times of tasks allocated to respective
processor-cores is used as the state evaluation function value.
(Supplementary Note 19)

The non-transitory computer readable medium storing a
task allocation optimization program described in Supple-
mentary note 16, in which in the process for generating the
state evaluation function value, a number of dependences
between processor-cores is used as the state evaluation func-
tion value.

(Supplementary Note 20)

The non-transitory computer readable medium storing a
task allocation optimization program described in any one of
Supplementary notes 16 to 19, in which in the process for
generating the integrated evaluation function value, a sum
total of the state evaluation function value in each operating
state is used as the integrated evaluation function value.
(Supplementary Note 21)

The non-transitory computer readable medium storing a
task allocation optimization program described in any one of
Supplementary notes 16 to 19, in which in the process for
generating the integrated evaluation function value, a product
of all state evaluation function value in each operating state is
used as the integrated evaluation function value.
(Supplementary Note 22)

The non-transitory computer readable medium storing a
task allocation optimization program described in any one of
Supplementary notes 16 to 21, in which in the process for
optimizing the task allocation, an allocation candidate having
a small integrated evaluation function value is preferentially
selected as optimal allocation.

This application is based upon and claims the benefit of
priority from Japanese patent application No. 2010-241703,
filed on Oct. 28, 2010, the disclosure of which is incorporated
herein in its entirety by reference.

INDUSTRIAL APPLICABILITY

The present invention can be applied to, for example, vari-
ous systems that support task allocation in a multi-processor
system. The system can be incorporated, for example, into an
ordinary computer.

REFERENCE SIGNS LIST

1 TASK ALLOCATION OPTIMIZATION SYSTEM

11 TASK SET PARAMETER HOLD UNIT

12 STATE/TASK-SET CORRESPONDENCE TABLE
HOLD UNIT

13 OPTIMIZATION UNIT

131 STATE EVALUATION FUNCTION VALUE GEN-
ERATION UNIT

132 INTEGRATED EVALUATION FUNCTION VALUE
GENERATION UNIT

133 OPTIMAL ALLOCATION SEARCH UNIT

5 COMPUTER

51 PROCESSOR

52 STORAGE DEVICE

61 TASK ALLOCATION OPTIMIZATION PROGRAM

62 TASK SET DEFINITION FILE

63 STATE/TASK-SET CORRESPONDENCE TABLE
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64 TASK OPTIMAL ALLOCATION DEFINITION FILE

201 GRANULARITY INFORMATION ACQUISITION
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202 GRANULARITY INFORMATION REGISTRATION
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203 OUTPUT UNIT

204 CONFIGURATION INFORMATION GENERATION
UNIT

205 CONFIGURATION INFORMATION REGISTRA-
TION UNIT

206 DEPENDENCE INFORMATION GENERATION
UNIT

207 DEPENDENCE INFORMATION REGISTRATION
UNIT

208 PERFORMANCE INFORMATION REGISTRATION
UNIT

The invention claimed is:

1. A task allocation optimization system, comprising:

astate evaluation function value generation unit configured
to generate a state evaluation function value, for each
operating state, based on a state/task-set correspondence
table and a task set parameter,

the state/task-set correspondence table, indicating corre-
spondence of a list of operating states that change
according to a state of a system and a task set that is a set
of a plurality of tasks being operated in each of the
operating states,

where the system is comprised of a plurality of processor-
cores, the task set parameter that indicates a character-
istic of each task constituting the task set, and the state
evaluation function value that is an evaluation value
indicating a degree of quality of task allocation for a
plurality of task allocation candidates respectively when
each task of the operating states is allocated to the plu-
rality of processor-cores;

an integrated evaluation function value generation unit
configured to generate an integrated evaluation function
value, for each task allocation candidate, in which the
state evaluation function value of each operating state is
integrated, the integrated evaluation function value
being an evaluation value indicating a degree of quality
for a whole of the system; and

an optimal allocation search unit configured to optimize
allocation of a task to be allocated to each of the plurality
of processor-cores by searching for an allocation candi-
date with the highest degree of quality of the integrated
evaluation function value from the plurality of task allo-
cation candidates, wherein,

the task set parameter includes an execution time in each
task,

the state evaluation function value generation unit calcu-
lates a total value by summing up the execution time for
each of the plurality of processor-cores which each task
is allocated as the allocation candidate, and uses one of
the group consisting of 1) an absolute value of a differ-
ence between the total values of the processor-cores as
the state evaluation function value, and ii) a square of a
difference between the total values of the processor-
cores as the state evaluation function value,

when the state evaluation function value is smaller, the
degree of quality is higher, and

the optimal allocation search unit selects the allocation
candidate having a small integrated evaluation function
value preferentially as optimal allocation.

2. The task allocation optimization system according to

claim 1, wherein

the task set parameter includes dependence relations
between tasks, and

the state evaluation function value generation unit uses a
number of the dependence relations between tasks as the
state evaluation function value, the dependence relations
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between tasks which are allocated to difterent processor-
cores for each operating state as the allocation candidate.

3. Thetask allocation optimization system according claim
2, wherein the integrated evaluation function value genera-
tion unit uses a sum total of the state evaluation function value
in each operating state as the integrated evaluation function
value.

4. The task allocation optimization system according to
claim 2, wherein the integrated evaluation function value
generation unit uses a product of all state evaluation function
value in each operating state as the integrated evaluation
function value.

5. The task allocation optimization system according to
claim 2, further comprising:

a state/task-set correspondence table hold unit configured
to hold an externally-input state/task-set correspon-
dence table; and

a task set parameter hold unit configured to hold an exter-
nally-input task set parameter.

6. The task allocation optimization system according to
claim 1, wherein the integrated evaluation function value
generation unit uses a sum total of the state evaluation func-
tion value in each operating state as the integrated evaluation
function value.

7. The task allocation optimization system according to
claim 6, further comprising:

a state/task-set correspondence table hold unit configured
to hold an externally-input state/task-set correspon-
dence table; and

a task set parameter hold unit configured to hold an exter-
nally-input task set parameter.

8. The task allocation optimization system according to
claim 1, wherein the integrated evaluation function value
generation unit uses a product of all state evaluation function
value in each operating state as the integrated evaluation
function value.

9. The task allocation optimization system according to
claim 1, further comprising:

a state/task-set correspondence table hold unit configured
to hold an externally-input state/task-set correspon-
dence table; and

a task set parameter hold unit configured to hold an exter-
nally-input task set parameter.

10. A task allocation optimization method, comprising:

generating a state evaluation function value, for each oper-
ating state, based on a state/task-set correspondence
table and a task set parameter, the state/task-set corre-
spondence table indicating correspondence of a list of
operating states that change according to an operating
state of a system and a task set that is a set of a plurality
of tasks being operated in each of the operating states,

the system comprising a plurality of processor-cores, the
task set parameter that indicates a characteristic of each
task constituting the task set, the state evaluation func-
tion value that is an evaluation value indicating a degree
of quality of task allocation for a plurality of task allo-
cation candidates respectively when each task of the
operating states is allocated to the plurality of processor-
cores;

generating an integrated evaluation function value, for
each task allocation candidate, in which the state evalu-
ation function value of each operating state is integrated,
the integrated evaluation function value being an evalu-
ation value indicating a degree of quality for a whole of
the system; and

optimizing allocation of a task to be allocated to each of the
plurality of processor-cores by searching for an alloca-
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tion candidate with the highest degree of quality of the
integrated evaluation function value from the plurality
of task allocation candidates, wherein,

the task set parameter includes an execution time in each

task,

the state evaluation function value generation unit calcu-

lates a total value by summing up the execution time for
each of the plurality of processor-cores which each task
is allocated as the allocation candidate, and uses one of
the group consisting of 1) an absolute value of a differ-
ence between the total values of the processor-cores as
the state evaluation function value, and ii) a square of a
difference between the total values of the processor-
cores as the state evaluation function value,

when the state evaluation function value is smaller, the

degree of quality is higher, and

the optimal allocation search unit selects the allocation

candidate having a small integrated evaluation function
value preferentially as optimal allocation.

11. A non-transitory computer readable medium storing a
task allocation optimization program that causes a computer
to execute a task allocation optimization process in a system
comprising a plurality of processor-cores, wherein

the optimization process includes:

generating a state evaluation function value, for each oper-

ating state, based on a state/task-set correspondence
table and a task set parameter, the state/task-set corre-
spondence table indicating correspondence of a list of
operating states that change according to a state of a
system with a task set that is a set of a plurality of tasks
being operated in each of the operating states,

the system comprising a plurality of processor-cores, the

task set parameter that indicates a characteristic of each
task constituting the task set, the state evaluation func-

20

25

30

18

tion value that is an evaluation value indicating a degree
of quality of task allocation for a plurality of task allo-
cation candidates respectively when each task of the
operating states is allocated to the plurality of processor-
cores;

generating an integrated evaluation function value, for
each task allocation candidate, in which the state evalu-
ation function value of each operating state is integrated,
the integrated evaluation function value being an evalu-
ation value indicating a degree of quality for a whole of
the system; and

optimizing allocation of a task to be allocated to each of the
plurality of processor-cores by searching for an alloca-
tion candidate with the highest degree of quality of the
integrated evaluation function value from the plurality
of task allocation candidates, wherein,

the task set parameter includes an execution time in each
task,

the state evaluation function value generation unit calcu-
lates a total value by summing up the execution time for
each of the plurality of processor-cores which each task
is allocated as the allocation candidate, and uses one of
the group consisting of 1) an absolute value of a differ-
ence between the total values of the processor-cores as
the state evaluation function value, and ii) a square of a
difference between the total values of the processor-
cores as the state evaluation function value,

when the state evaluation function value is smaller, the
degree of quality is higher, and

the optimal allocation search unit selects the allocation
candidate having a small integrated evaluation function
value preferentially as optimal allocation.
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